data did not support the differentiation of these two strains into separate species. Therefore, they represent genomovars of a novel species, for which the name Bacillus alkalisediminis sp. nov. is proposed. The type strain is K1-25 T (5DSM 21670 T 5NCAIM B02301 T ).
Several obligately and facultatively alkaliphilic Bacillus species have been isolated since Vedder (1934) described the species Bacillus alcalophilus, the first reported aerobic, alkaliphilic, Gram-positive, endospore-forming bacterium.
In recent years, studies of alkaliphilic Bacillus strains have increased greatly not only to examine their taxonomy and physiology but because of their potential industrial applications resulting from the production of alkalineactive enzymes (Horikoshi, 1999; Nogi et al., 2005) . Alkaliphilic Bacillus species show very different NaCl requirements; halotolerant to halophilic species have been reported from very different origins (e.g. Nielsen et al., 1995; Fritze, 1996; Yumoto et al., 2003 Yumoto et al., , 2005 Nowlan et al., 2006; Wang et al., 2007) . The water and sediment of soda lakes across the world harbour a wide phylogenetic diversity of both alkaliphilic and halophilic micro-organisms, including isolates related to various species of Bacillus. In the last few years, many novel alkaliphilic and halophilic or halotolerant Bacillus species have been described, e.g. Bacillus arseniciselenatis and B. selenitireducens from Mono Lake, CA, USA (Switzer Blum et al., 1998) , Bacillus bogoriensis from Bogoria soda lake in Kenya (Vargas et al., 2005) , Bacillus chagannorensis from Lake Chagannor, in the Inner Mongolia Autonomous Region, China (Carrasco et al., 2007) , and Bacillus aurantiacus from soda ponds in the Kiskunság National Park, Hungary (Borsodi et al., 2008) . It seems that alkaliphilic and halophilic Bacillus species described from very similar
The GenBank/EMBL/DDBJ accession numbers for the 16S rRNA gene sequences of strains K1-25 T and H3-93 are AJ606037 and AM051268, respectively. soda-lake habitats show clear separation on the basis of 16S rRNA gene sequence analysis as well as phenotypic properties.
In the present study, two Gram-stain-positive, endosporeforming strains, K1-25 T and H3-93, isolated from sediment of extremely shallow alkaline soda ponds, were characterized by applying polyphasic taxonomic methods and are described as representing a distinct species of the genus Bacillus.
Samples were collected from the upper 3-5 cm sediment layers of two extremely shallow soda ponds in Hungary. 2H 2 O. The medium was adjusted to pH 9.0. Single colonies that developed after 6 days of incubation at 28 uC were isolated. The same medium was used for maintenance of the strains.
Colony morphology was observed by using a stereomicroscope after growth on nutrient medium (pH 9.0) supplemented with 5 % (w/v) NaCl. The shape, size and arrangement of the cells were studied in native and Gram-stained preparations (Claus, 1992) . Endospore staining was carried out according to the method of Murray et al. (1994) . Motility of 12-and 24-h-old cells was observed by phase-contrast microscopy of hanging-drop preparations. Following 72 h of incubation at 28 u C on nutrient medium (pH 9.0) supplemented with 5 % (w/v) NaCl, endospore morphology and the occurrence of flagella were studied by electron microscopy as described by Borsodi et al. (2003) . Physiological and biochemical tests including catalase and Kovács' oxidase activity, HughLeifson's oxidation-fermentation test with D-glucose, Larabinose, D-mannitol and D-xylose, methyl-red and Barritt's Voges-Proskauer tests, nitrate reduction to nitrite or nitrogen under aerobic and anaerobic conditions, BairdParker's phosphatase activity test, production of H 2 S from cysteine and indole from tryptophan, aesculin hydrolysis, Simmons' citrate utilization and arginine dihydrolase activity test were performed as described by Barrow & Feltham (2003) . Urease activity and hydrolysis of casein, gelatin, starch and Tween 80 were examined according to Smibert & Krieg (1994) . Anaerobic growth was determined by incubation of strains on modified seawater medium 246 for 7 days in a Forma Scientific anaerobic chamber (in an atmosphere of 5 % CO 2 , 10 % H 2 and 85 % N 2 ). The pH range for growth was determined in nutrient broth (3.0 g beef extract and 5.0 g peptone l
21
, supplemented with 50 g NaCl) adjusted to pH 7.0-12.0 at intervals of 1.0 pH unit with 1 M sodium sesquicarbonate solution (4.2 g NaHCO 3 and 5.3 g anhydrous Na 2 CO 3 in 100.0 ml distilled water). The NaCl requirement for growth was studied in nutrient broth adjusted to pH 9.0 and supplemented with 0-15 % (w/v) NaCl at intervals of 1 % NaCl. The influence of temperature on growth was investigated by incubation of the strains on nutrient medium (pH 9.0) supplemented with 5 % (w/v) NaCl at 10, 15, 20, 25, 28, 37, 40 and 45 u C. All physiological tests were performed in duplicate at 28 u C. Carbon-source utilization was tested by using the API 50CH strip and enzyme activities were examined by using API ZYM strips according to the manufacturer's instructions (bioMérieux).
Following the minimal standards proposed by Logan et al. (2009) The cell-wall diamino acid was determined from whole-cell hydrolysates as described by Hasegawa et al. (1983) . Following the cultivation of cells in liquid Rich medium (Yamada & Komagata, 1972) supplemented with 50 g NaCl l 21 and adjusted to pH 9.0, isoprenoid quinones were extracted according to the method of Collins et al. (1977) and the profile was analysed by HPLC (HP 9001) (Groth et al., 1997) . After 24 h of cultivation on tryptic soy agar (Difco) supplemented with 50 g NaCl l 21 and adjusted to pH 9.0, cellular fatty acids were extracted according to Stead et al. (1992) and analysed by GC (Groth et al., 1996) and polar lipids were identified according to the method described by Minnikin et al. (1979) .
For determination of the DNA G+C content and DNA-DNA hybridization, cells were disrupted by using a French press (Thermo Spectronic) and the DNA in the crude lysate was purified on hydroxyapatite according to the procedure of Cashion et al. (1977) . To determine the G+C content, the DNA was degraded to nucleosides by using P1 nuclease and bovine intestinal mucosa alkaline phosphatase as described by Mesbah et al. (1989) . Nucleosides were separated by reversed-phase HPLC by using the HPLC system mentioned above according to the method described by Tamaoka & Komagata (1984) . The DNA G+C content was calculated from the ratio of deoxyguanosine to thymidine. DNA-DNA hybridization was carried out as described by De Ley et al. (1970) with the modifications described by Huß et al. (1983) using a model Cary 100 Bio UV/Vis spectrophotometer equipped with a Peltier-thermostatted 666 multicell changer and a temperature controller with in-situ temperature probe (Varian). For amplification of the 16S rRNA gene, DNA was extracted by using the Bacterial Genomic DNA Miniprep kit (V-GENE) according to the manufacturer's instructions and the 16S rRNA gene was amplified by PCR with the universal eubacterial primers 27F (59-AGAGTTTGATCMTGGCTCAG-39) and 1492R (59-TACGGYTACCTTGTTACGACTT-39). The PCR products were purified using the Viogene PCR-M Clean Up system following the manufacturer's instructions. Sequence analysis was accomplished by using the Big Dye Terminator Cycle Sequencing kit version 3.1 according to the procedure provided by the manufacturer. An ABI 310A Genetic Analyzer (Applied Biosystems) was used for automated sequence analysis. Sequences were aligned against the RDP Database release 7.1 (Maidak et al., 1996) using the ARB program package (Strunk & Ludwig, 1995) . All sequences were also compared to 16S rRNA gene sequences available in the EzTaxon database (Chun et al., 2007) . Evolutionary distances were calculated using Kimura's two-parameter method (Kimura, 1980) . Phylogenetic trees were reconstructed by the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and least-squares (De Soete, 1983) treeing algorithms. Tree topology was re-examined by the bootstrap method of resampling (Felsenstein, 1985) using 1000 bootstraps. Fully automated ribotyping of EcoRI-digested samples was performed with a RiboPrinter system (DuPont Qualicon) as described by Bruce (1996) .
Strains K1-25
T and H3-93 formed circular, entire, smooth, convex colonies, creamish brown in colour, on modified seawater medium 246. Straight rod-shaped cells occurred mainly singly or in pairs and occasionally in short chains and stained Gram-positive. Cells showed only Brownian motility in wet-mount preparations and no flagellation was observed by electron microscopy. Cells formed central ellipsoidal endospores in swollen sporangia (Fig. 1) The cell wall of strains K1-25 T and H3-93 contained mesodiaminopimelic acid in the peptidoglycan, suggesting the occurrence of the peptidoglycan type A1c. The major isoprenoid quinone detected in strains K1-25 T and H3-93 was MK-7. The fatty acid profiles of strains K1-25 T and H3-93 were similar; both profiles were dominated by anteiso-C 15 : 0 and iso-C 15 : 0 . Among the other major fatty acids was iso-C 14 : 0 . Characteristic differences were found in the amounts of the fatty acids compared with their closest relatives ( T (96.9-97.1 %) (Fig. 2) . Phylogenetic trees created by the maximum-likelihood and least-squares algorithms resulted in similar topologies (Supplementary Figs S1 and S2, available in IJSEM Online) . According to RiboPrint analysis ( Supplementary Fig. S3 The described phylogenetic and phenotypic distinctiveness indicates that strains K1-25 T and H3-93 belong to a novel species within the genus Bacillus. Despite the low degree of DNA-DNA hybridization, the phenotypic and chemotaxonomic homogeneity found suggested that strains K1-25 T and H3-93 represent genomovars of the same species, for which the name Bacillus alkalisediminis sp. nov. is proposed.
Description of Bacillus alkalisediminis sp. nov.
Bacillus alkalisediminis (al9ka.li.se.di.mi9nis. N.L. n. alkali alkali; L. gen. n. sediminis of sediment; N.L. gen. n. alkalisediminis of alkaline sediment).
Cells are Gram-stain-positive, non-motile, straight rods (0.8-0.962.0-3.0 mm). Central, ellipsoidal endospores are Aesculin melibiose, inulin, melezitose, raffinose, starch, glycogen, xylitol, turanose, D-lyxose, D-tagatose, D-and L-fucose, D-and L-arabitol, potassium gluconate, potassium 2-ketogluconate and potassium 5-ketogluconate. Naphthol-AS-BI-phosphohydrolase activity is positive. The following enzyme activities are strain-dependent: esterase (C4), esterase lipase (C8), b-glucuronidase, a-glucosidase and b-glucosidase. The following enzyme activities are negative: alkaline phosphatase, lipase (C14), leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, acid phosphatase, a-galactosidase, b-galactosidase, N-acetyl-bglucosaminidase, a-mannosidase and a-fucosidase. The major fatty acids are anteiso-C 15 : 0 , and iso-C 15 : 0 . The cell-wall peptidoglycan contains meso-diaminopimelic acid. The DNA G+C content is 36.3-39.0 mol%.
The type strain, K1-25 T (5DSM 21670 T 5NCAIM B02301 T ), was isolated from sediment of Kelemen-szék, an extremely shallow soda pond situated in Kiskunság National Park, Hungary.
